It is important to simplify the analyses of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated biphenyls (PCBs) that have threatened environmental quality and human health. The analyses of such halogen compounds in ash from industrial incinerators and biological samples are currently carried out through a cleanup procedure consisting of extraction with sulfuric acid and fractionations by liquid chromatography on silica gel, alumina, and activated carbon columns.
1
The cleanup process is a time-consuming and tedious treatment where a lot of harmful eluting solvent, dichloromethane and toluene are consumed in large quantity. In order to solve such a problem, an adsorbent having higher selectivity and adequate adsorptive activity for PCDDs must be developed.
Conventional graphite has a layer structure that may be suitable to discriminate the planar structure of PCDDs or coplanar PCBs; however, the layer spacing of the graphite is actually too short to incorporate such compounds. Fractionation of PCDD congeners by HPLC using a graphite column 2, 3 is not suitable for routine works because expensive apparatus and back-flash procedure are needed. On the other hand, graphite intercalated with H2SO4, 4 alkaline metal, 5 and FeCl3 6 is exfoliated when being heated. The separation property of the exfoliated graphite for PCDDs and PCBs has not been investigated yet.
In the present paper, we describe fractionations of PCDDs, PCBs and pesticides by chromatography on a column of silica gel mixed with an adsorbent that is prepared by the exfoliatation of graphite or fluorinated graphite.
Experimental

Reagents
PCDDs such as 2,3,7-trichlorodibenzo-p-dioxin (T3CDD), 1,3,7,9-tetrachlorodibenzo-p-dioxin (T4CDD), and octachlorodibenzo-p-dioxin (OCDD) and polychlorinated biphenyls (PCBs) such as 3,3′4,4′-tetrachlorobiphenyl (T4CB), 2,3′,4,4′,5-pentachlorobiphenyl (P5CB) and 2,2′3,4,4′,5,5′-heptachlorobiphenyl (H7CB) were obtained from AccuStandard Inc. Pesticides such as Dieldrin and p,p′-DDT were purchased from Wako Pure Chemical Industries. A graphite (AT-No. 5; mean of particle diameter, 30 µm; Tokai Carbon Co.) and fluorinated graphite (Daikin Industry, mean of particle diameter, 17 µm) were kindly donated from Oriental Industry (Japan) and Daikin Industry (Japan), respectively. Silica gel for column chromatography, Wakogel S-1 and active carbon-impregnated silica gel were from Wako Pure Chemical Industries. All other reagents used were of reagent grade unless otherwise noted.
Preparation of exfoliated graphite column
Graphite (1.0 g) was added stepwise with stirring to concentrated H2SO4/HNO3 in a three-neck flask cooled in ice bath, and the mixture was allowed to stand for 12 h. After filtration of the reaction mixture with a membrane (0.45 µm), the intercalated graphite was heated at 400, 700, or 1000˚C for 5 min in N2 gas atmosphere. 7, 8 After being washed with toluene in a Soxhlet apparatus for 24 h, the exfoliated graphite was mixed with silica gel. A glass column (diameter, 10 mm; length, 300 mm) was packed with 1.0 g of silica gel/graphite (50:1, 20:1, or 10:1) inserted between Na2SO4 layers. A sample of isooctane solution (300 µl) containing 6.7 ppm T3CDD, 6.7 ppm T4CDD, 3.3 ppm OCDD, 6.5 ppm T4CB, 6.5 ppm P5CB, 3.3 ppm H7CB, 0.67 ppm Dieldrin, and 0.67 ppm DDT was applied to the column, firstly eluted with CH2Cl2/hexane (25:75, 200 cm 3 ) and secondly with toluene (200 cm 3 ); each fraction volume was 10 cm 3 . Prior to gas chromatography measurement, CH2Cl2/hexane in fraction was replaced with isooctane.
The concentrations of the organohalides in the fractions were determined by a Shimadzu GC-17A equipped with a 63 Ni electron capture detector; a Hewlett Packard HP-5MS capillary column (0.25 mm i.d. × 30 m length) was used. The column temperature was changed as follows: 50 to 180˚C at 20˚C/min and 180 to 280˚C at 8˚C/min. The injection and detector temperatures were kept at 250 and 300˚C, respectively. Figure 1 shows a typical elution pattern of PCDDs, PCBs, and pesticides chromatographed on a commercially available active carbon-impregnated silica gel (1.0 g). Pesticides, P5CB, and H6CB with their low or lack of molecular planarity were eluted rapidly with CH2Cl2/hexane (1:3) and then T4CDD and T3CDD were easily eluted with toluene. 1 PCDDs were mostly separated from PCBs and pesticides. Leaks of very small amounts of T4CDD and T3CDD were unfortunately observed in CH2Cl2/hexane fractions. Additionally, complete elution of OCDD required a large volume of toluene.
Results and Discussion
As is shown in Fig. 2 , on the exfoliated graphite (400˚C treatment, SiO2/graphite = 50:1) P5CB, H6CB, and two pesticides were smoothly eluted in CH2Cl2/hexane and then T4CB, T3CDD, and T4CDD were easily eluted with toluene. The elution pattern is similar to that obtained with the carbonimpregnated silica gel. However, a small part of OCDD was eluted at all even throughout a lot of toluene fractions. The incomplete OCDD elution was still observed with the graphite heated at 700 and 1000˚C. The graphite heated at much higher temperature (1000˚C) showed low absorption so that most of T3CDD and T4CDD components were eluted with CH2Cl2/hexane. The original graphites which were prepared only by heat treatment (400, 700, and 1000˚C) showed much lower absorption for PCDDs than the above exfoliated graphite. Therefore, the exfoliated graphite may be suitable for an absorbent of PCDDs other than OCDD. The highest planarity of the graphite did not work for the separation of the planar compounds of PCDDs. Figure 3 shows an elution pattern on the exfoliated fluorinated graphite (400˚C treatment, SiO2/graphite = 50:1) when the ratio of CH2Cl2/hexane was 1:9. All of PCDDs were promptly eluted with toluene without any leak in CH2Cl2/hexane elution. The elutions of P5CB, H7CB and pesticides were also fast and complete with low CH2Cl2 content solvent; the elution profile was similar to those of the active carbon-impregnated silica gel. This result means that the use of the exfoliated fluorinated graphite has an advantage to reduce the amounts both of CH2Cl2 as a harmful solvent and of toluene used. Further, OCDD and two PCDDs were also eluted with less volume of toluene. A decrease in volume of toluene leads to shortening the time required for the total cleanup process. The fluorinated graphite which was only heated at 400˚C without the intercalation treatment needed usually more fractions of 20 cm 3 for the complete elution of all PCDDs, compared with that with intercalation treatment. The fluorinated graphite has originally a large layer spacing of 6.6 × 10 -10 m 9 and nonetheless the intercalation treatment may result in more extension of the layer spacing since a little absorption change was observed. The recoveries of PCDDs and PCBs were over 95%. Therefore, the fluorinated graphite that was further exfoliated both by intercalation and heat treatments may be useful for a decrease in volume of the harmful solvent and for shortening the time required for the cleanup process of PCDDs.
Hereafter, the separation and recovery experiments on practical samples containing trace amount of PCDDs and PCBs will be carried out. X-ray powder pattern analysis for several graphites prepared here will also be measured to estimate the plane distance affecting the adsorptive activity. 
